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Abstract
Purpose This study examines the responsiveness of the Foot
Functional Index (FFI) and Leeds Foot Impact Scale for
Rheumatoid Arthritis (LFIS-RA) in rheumatoid arthritis
(RA) patients receiving a forefoot or hindfoot reconstruction.
Methods This was a prospective cohort study including 30
rheumatoid arthritis patients with severe rheumatoid foot de-
formities in need for surgical correction. Responsiveness was
measured using distribution-based methods (standardized ef-
fect size, standardized response mean and Guyatt responsive-
ness ratio) and anchor-based methods (receiver operating
characteristics curves and correlation analyses) by making
use of an anchor question. To examine the depth of the ques-
tionnaires we measured the floor and ceiling effects.
Results The study population consisted of three males and 27
females, with a mean age of 62 years. The mean follow-up
time was 38 months. Twenty-two feet received a forefoot re-
construction and eight feet a triple arthrodesis. For the FFI the
SES was −0.80, SRMwas −0.85 and the GRR was −1.25. For
the LFIS-RA the SES was 0.58, SRM was 0.58 and the GRR
was 0.88. The AUC was 0.741 and 0.645 for FFI and LFIS,
respectively. Contrary to the LFIS-RA, the FFI showed a sig-
nificant correlation between change score and the anchor
question. Both questionnaires did not show a significant floor
or ceiling effect.
Conclusion The FFI showed a large responsiveness and the
LFIS- RA showed moderate responsiveness in rheumatoid
arthritis patients receiving forefoot or hindfoot surgery, with-
out floor or ceiling effects in both questionnaires.
Keywords Responsiveness . FFI . LFIS-RA . Rheumatoid
arthritis . Triple arthrodesis . Forefoot arthrodesis
Introduction
Despite recent advances in pharmacological management of
rheumatoid arthritis, forefoot deformity, with its symptoms,
remains a common problem, often requiring operative treat-
ment [1]. The foot is most commonly affected early with a
prevalence of up to 90 % for the metatarsophalangeal (MTP)
joints and in 15 % the forefoot is the first manifestation of the
disease [2]. Deformities are mostly found in the forefoot with
symptoms such as atrophy, claw toes, dislocation of the plan-
tar fascia and metatarsophalangeal subluxations [3]. Hindfoot
involvement in RA is similarly common, with reported prev-
alence numbers as high as 50 % through 90 % [4]. The treat-
ment of severe forefoot deformities consists of operative cor-
rection through repositioning of the metatarsophalangeal
joints of the lesser rays in combination with an arthrodesis
of the first metatarsophalangeal joint [3].
In regards to the hindfoot triple arthrodesis is the preferred
technique [5].
Concerning the feet reconstruction in RA patients there is a
need for structured evaluation of the subjective aspects of the
patient’s symptoms [6]. Patient-reported outcome measure-
ments (PROMs) are used to evaluate the outcome of operative
treatments [2]. To be truly useful PROMs must exhibit good
psychometric properties such as reliability, validity and re-
sponsiveness [7]. Responsiveness is defined as the ability of
a measuring instrument to detect change when it has occurred
[8]. The present literature describes 36 different PROMs used
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to measure foot problems in RA patients; solely five instru-
ments were measured for responsiveness [9]. A worldwide
(USA, Europe, Australia and Asia) used PROM to measure
the impact of foot pathology on function in terms of pain,
difficulty and activity restriction is the Foot Function Index
[10, 11] as described by Budiman et al. Nelson et al. reported
moderate to large responsiveness of the FFI in RA patients
receiving foot or ankle surgery; however, they did not specify
the operative procedure [12]. The responsiveness of the FFI in
end stage ankle arthritis patients, who received either a total
ankle replacement or an ankle arthrodesis, showed a high level
of responsiveness (both the standardized effect size and stan-
dardized response mean above the threshold of 0.8 indicating
a high level of responsiveness) [13].
The Leeds Foot Impact Scale for Rheumatoid Arthritis
(LFIS-RA) described by Helliwell et al. is a PROM used to
measure the outcome (impairment and activity limitations) in
RA patients with foot deformities, in mostly eastern Europe
countries, including England, Germany, Hungary and the
Netherlands [14]. Initial results showed good psychometric
properties [15]. The Dutch-translated version of the LFIS-
RA showed excellent psychometric properties, but hasn’t
been tested for responsiveness [16]. This study was conducted
to determine the responsiveness of the FFI and LFIS-RA in
RA patients with severe feet deformities and to compare them.
Methods
Participants
This prospective cohort study included 30 RA patients with
typical RA deformities in need for operative treatment. Data
was collected between 2009 and 2013. Regarding the FFI and
LFIS, the patients were approached during the regular out-
patient clinic appointments and agreed to participate in this
study. An assistant who was not involved in the treatment
approached the patients to obtain the anchor question. All
patients were examined and operated by one orthopaedic
surgeon.
Outcome assessment
The outcome was measured using the FFI and LFIS-RA pre-
operative and post- operative. Post-operative an anchor ques-
tion was added, using a seven point Likert-scale; ‘How did the
situation change regarding your foot since the surgery? (1:
very much deteriorated, 2: much deteriorated, 3: somewhat
deteriorated, 4: about the same, 5: somewhat improved, 6:
much improved, 7: very much improved). The FFI consists
of 23 items (score range: 0–115) grouped into three subscales;
pain, disability and activity limitation related to foot pathology
[10]. Each question provides six alternatives. Important to
mention is that a higher score indicates a worse outcome.
The LFIS-RA test consist of 51 dichotomous items (score
range: 51–102) grouped into four subscales; impairment,
activities, participation, and footwear [15]. In contrary to the
FFI, a higher LFIS-RA score means a better outcome.
Responsiveness
A distinction could be made between internal and external
responsiveness [8]. Internal responsiveness is the ability of a
measure to change over a particular time frame [17]. External
responsiveness is the ability of a measure to change over a
particular time frame related to an external measure [8]. The
internal responsiveness could be measured using the stan-
dardized effect size (SES), standardized response mean
(SRM) and Guyatt responsiveness ratio (GRR) [8]. The SES
was calculated by dividing the mean change score by the
standard deviation of the mean baseline score. The SRM
was calculated by dividing the mean change score by the
standard deviation of the mean change score. To determine
the GRR the study population was divided into two groups
based on the anchor question: patients that improved after the
procedure and patient that showed little to no change after the
procedure. The Bimproved^ group consisted of people who
answered Bmuch improved^ and Bvery much improved^ to
the anchor question; the Bnot convincible changed^ group
consisted of patients that answered Bsomewhat deteriorated^
or Bsomewhat improved^. To calculate the GRR the mean
change score in the Bimproved^ group was divided by the
standard deviation of the mean change score in the Bnot
convincible changed^ group [7]. For the above mentioned
approaches a value of 0.5 or less represents an inadequate
responsiveness, values between 0.50 and 0.80 a moderate in-
ternal responsiveness, and values of 0.80 or greater a large
internal responsiveness [18].
External responsiveness
External responsiveness was measured using the area under
the curve (AUC) within the ROC curve [19]. An AUC below
0.5 reflects random distribution, AUC between 0.5 and 0.7 is
considered to have limited discrimination accuracy, AUC be-
tween 0.7 through 0.8 acceptable accuracy, AUC between 0.8
through 0.9 excellent accuracy and an AUC above 0.9 was
considered to have outstanding accuracy [19]. In order to per-
form this analysis it was necessary to dichotomize the anchor
question. The Bmuch improved^ and Bvery much improved^
were categorized as the Bimproved^ group, and the Bsomewhat
improved^, Babout the same^, Bsomewhat deteriorated^,
Bmuch deteriorated^ and Bvery much deteriorated^ as the
Bnot improved^ group. A practical cut-off point with optimal
balance of sensitivity and specificity was chosen. A correla-
tion analysis (Spearman correlation coefficient) provided an
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examination of the relationship between the questionnaire and
anchor question [20].
Floor and ceiling effects
Floor and ceiling effects in the questionnaires could make it
difficult to measure changes after interventions such as a sur-
gery due to distortion of the score distribution. Floor or ceiling
effects are considered to be present if more than 15 % of




The study population consisted of three males (10 %) and 27
females (90 %). The mean age of the group was 62 years
(range 44–76; SD 8.7). All patients were reviewed after a
mean follow-up of 38 months (range 5–61; SD 16). On 22
feet (73 %) a forefoot reconstruction was performed and on
eight feet (27 %) a triple arthrodesis. Approximately 70 % of
the patients reported they improved after the surgery (Table 1).
During the first measurement, 25 patients had a positive RA-
factor (Table 2). Roughly half of the patients used DMARDs
during the first measuring point (Table 3).
Internal responsiveness
Pre-operatively, the mean FFI total score was 55.5 (range 28–
82; SD 14), and post-operatively it was 44.2 (range 24–66; SD
12). The mean change was a decrease of 11.3 points (range
−42 to 13; SD 13). For the FFI the SES was −0.80, SRM was
−0.85 and GRR was −1.25 (Table 4). As mentioned before,
negative values indicate improvement. Pre-operatively, the
mean LFIS-RA score was 76.8 (range 62–98; SD 8), and
post-operative it was 81.2 (range 65–102; SD 10). The mean
change was an increase of 4.4 points (range −12 to 23; SD 8).
For the LFIS-RA the SES was 0.58, SRM was 0.58 and the
GRR was 0.90 (Table 4).
External responsiveness
For the FFI questionnaire the AUC was 0.741 (CI 95 %:
0.558–0.924, SE 0.094, P=0.025) (Fig. 1). For the LFIS-
RA questionnaire we obtained an AUC of 0.645 (CI 95 %:
0.440–0.850, SE 0.104, P=0.177) (Fig. 1). The optimal cut-
off point for the FFI was 6 points, with a sensitivity of 81 %
and a specificity of 57 %. For the LFIS-RA the cut-off point
was 1.5 points, with a sensitivity of 75 % and a specificity of
57 %. There was a significant negative correlation (Spearman
correlation coefficient, 0.396; P= 0.030) between the FFI
change scores and anchor questions. No significant correlation
between the LFIS-RA changes scores and anchor questions
was found (Spearman correlation coefficient = 0.210;
P=0.266).
Floor and ceiling effect
Neither the LFIS or the FFI showed a significant floor or
ceiling effect pre-operative and post-operative (Table 5), due
to the fact that less than 15 % of the respondents achieved the
highest or lowest possible score.
Discussion
Multiple instruments are developed to measure foot function,
foot pain and foot related disability in RA patients. A recent
study reviewed the measurement properties of 36 different
instruments, and concluded that solely five instruments were
measured for responsiveness [9]. Our study is the first to eval-
uate the responsiveness and floor/ceiling effects of the FFI and
Table 1 Frequency table for the outcome of the anchor question
Operative procedure Response answer Frequency Percent (%)
Triple arthrodesis Slightly improved 1 12.5
Much improved 5 62.5
Very much improved 2 25.0
Total 8 100.0
Forefoot reconstruction Much deteriorated 2 9.1
Slightly deteriorated 7 31.8
Slightly improved 4 18.2
Much improved 6 27.3
Very much improved 3 13.6
Total 22 100.0
Table 2 Diagnosis at first measuring moment
Diagnosis Frequency Percent (%)
RAF-positive 25 83.3
RAF negative 2 6.7
JIA 1 3.3
Psoriatic arthritis 2 6.7
Table 3 Medication use
at first measuring
moment
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LFIS questionnaire in RA patients who received forefoot and
hindfoot correction, and boosts robustness by applying both
anchor-based as well as distribution-based approaches to mea-
sure responsiveness.
We defined responsiveness as a parameter for measurement
instruments to measure change over time. We defined internal
responsiveness as the ability of a measure to change over time,
and external responsiveness as a change over time corre-
sponding with an external measure. We found a large internal
responsiveness of the FFI, for the LFIS we found a moderate
internal responsiveness. The use of GRR to measure respon-
siveness is a controversial topic. Although the use of the GRR
is seen by some as the superior measurement for responsive-
ness by some researchers [8, 21], others claim that the GRR
does not reflect the validity of the changed score [22, 23]. This
difference arises due to the difference in the definition of re-
sponsiveness [7].
In regards to the external responsiveness the FFI had stron-
ger discriminative abilities than the LFIS-RA in the present
study population. The LFIS had shown below acceptable dis-
criminative abilities. To demonstrate the above-stated, a 60-
year-old patient who underwent forefoot surgery answered the
anchored question with Bmuch improved^. The FFI showed a
change of −20 points (17 %) and the LFIS-RA a change of
three points (2 %). Another patient, a 68-year-old woman,
who underwent the same forefoot surgery, answered Bvery
much improved^ at the anchored question, showed a FFI
change of −24 points (20 %) and an LFIS-RA change of three
points (2 %). If we would rely solely on the LFIS-RA ques-
tionnaire, we wouldn’t be able to perceive the true change
after the surgery.
External responsiveness was measured using the AUC
within the ROC curve. A disadvantage of the ROC method
is that the AUC has little meaning, and is primarily useful for
ranking competing scales [21]. Another disadvantage is that
the external criterion for change must be dichotomized; by
merging the groups, valuable data is lost [19]. In choosing
the cut-off points we strived for a high sensitivity and speci-
ficity. The FFI reached a higher sensitivity than the LFIS-RA,
with an equal specificity in both questionnaires. Correlation
analysis showed a significant correlation between the FFI
change score and anchor question. In both the FFI and LFIS
we did not observe any floor or ceiling effects.
A limitation of this study is the absence of a gold standard
in measuring and expressing the responsiveness [22].
Furthermore, the use of an anchor question is prone to bias
[24]. It is very difficult for people to remember their past state.
They deduce their prior status from their present state and
invoke an implicit theory of change to construct their prior
state before the surgery [25], thereby creating a high correla-
tion between measure of change and present state, but a low
correlation between measure of change and prior state.
Following on from the anchor question, it was remarkable that
none of the patients reported Bno change^. As Guyatt and
Deyo remarked, the answer on the anchor question will never
solitarily rely on operative outcome, but subsequently mea-
sures satisfaction with the program, rehabilitation process, or
desire to show gratitude to those who have spent time and
effort trying to help the patient [7]. The FFI questionnaire is
an attractive measurement for physicians who wish to have a
sensitive, reliable and responsive questionnaire for routine
clinical practice [26].
This study shows that the FFI reaches better properties
regarding the responsiveness, compared to the LFIS-RA
Table 4 Descriptive statistics and internal responsiveness
characteristics for the FFI and LFIS-RA
Measure FFI LFIS-RA
Mean change (SD)
Overall group (n = 30) 11.3 (13.4) 4.4 (7.7)
Improved group (n= 16) 16.42 (11.7) 6.6 (7.5)




Fig. 1 Receiver operating characteristic (ROC) curve analysis












FFI pre-operative 30 28 82 0 0
FI post-operative 30 24 63 0 0
LFIS pre-operative 30 65 98 0 0
LFIS post-operative 30 65 102 0 3
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questionnaire. We could conclude that the use of the FFI is
preferred for RA patients with the above-mentioned deformi-
ties. A possible explanation for the difference could be that the
LFIS was validated in a study population lacking RA patients
with severe deformities [15].
Conclusion
The FFI showed a large responsiveness and the LFIS- RA
showed moderate responsiveness in RA patients receiving
forefoot or hindfoot surgery, without floor or ceiling effects
in both questionnaires.
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